all empty into the Persian Gulf, are isolated from the rest of the country by the high rising Zagros Mountain chain. The rotifer fauna of this province had not been previously studied, so for the first step we turned our attention to the subclass Monogononta, which, with more than 1440 species, is the largest subclass of the phylum Rotifera. This subclass contains widely diverse forms including benthic, pelagic, and sessile species in about 95 genera worldwide (Wallace and Snell, 2001; Segers, 2007) . Monogonont rotifers occur in diverse ranges of macroand microhabitats, from the open waters of lakes to habitats in the interstitial waters, and even in minute water droplets on plants (phytotelmata) or empty gastropod shells (Segers, 2004) .
Materials and methods
Using a plankton net with a 40-µm mesh size, we collected rotifer specimens from 10 different stations, including rivers, channels, reservoir, lagoons, pools, and swamps, from May 2009 to April 2010. For each sampling, the general characteristics of the sampling stations, including water turbidity, vegetation, and temperature (Table 1) , were recorded. Specimen samples were fixed in a 4% formaldehyde solution immediately after collection. Specimens were studied under stereo and compoundlight microscopes. Detailed morphology of external and internal features, including trophi, the key characteristics in identification and taxonomy of rotifers, were studied. Trophi were prepared following the method of De Smet (1998) . Specimens were identified using the taxonomic keys of Koste (1978) , Koste and Shiel (1987 , 1989a , 1989b , Shiel and Koste (1993) , and Segers (1995) . Drawings and microphotographs were taken using a drawing tube on a compound light microscope and a digital camera mounted on an Imaging Axioplan 2 Zeiss microscope, respectively. Some specimens were destroyed during the identification procedures and the rest were deposited at the Zoological Museum of the University of Tehran (ZUTC) with their catalog numbers provided in Table 2 .
Study area
The province of Khuzestan, located in the southwest of Iran, covers an area of 63,238 km 2 in a subtropical zone. Khuzestan Province was selected as the study area because: (1) this area, in its north and northeast parts, is covered by mountains where numerous and diverse freshwater systems originate; (2) rotifer fauna from this area had not been studied before; and (3) being situated in the southwest of Iran, the area acts as a corridor between 2 major zoogeographical regions, the Palearctic and the Ethiopian, and it also connects the subtropical areas of the Ethiopian with those of the subcontinent and the Oriental. Most of the sampling stations were scattered along the 4 main rivers flowing in the area, Karun, Karkhe, Dez, and Jarahi-Maroun (Figure 1) . Karun, Karkhe, and Jarahi are 3 large, permanent rivers flowing across the entire territory, from north to south. The Dez, on the other hand, joins the Karun River near the province's capital, Ahwaz. Karun, Iran's largest river (850 km) originates from the Zagros Mountain chain and drains into the Persian Gulf in this province. The other 3 rivers also have their origins in the Zagros (Figure 1 ).
In addition to those lotic stations, 5 lentic habitats also were sampled for rotifers, including Dez Dam Lake, Bagher pond, Yaqub marsh, Bamdezh, and Shadegan Lagoon. The Dez Dam, with a reservoir of about 3340 × 10 6 m 3 , is located southeast of Dezful. Both Bagher pond and Yaqub marsh are relatively small bodies of water, located in the Dez protected area, and one of them, Yaqub, is well vegetated. Bamdezh is a freshwater marsh with relatively fewer macrophytes in comparison with the other lotic sampling stations. The surrounding area of this marsh is one of the driest places in Iran (BehroziRad, 2008) . Shadegan Lagoon, located in the costal arid region of Khuzestan, is more saline in the southern part, relative to the more brackish environment of its central parts (BehroziRad, 2008) .
Results
During the study, we identified 66 species of monogonont rotifers belonging to 21 genera from 12 families (Table  2) . Furthermore, 13 species of the family Notommatidae were collected and identified down to the genus level. Taking those into account, Notommatidae, Lecanidae, and Brachionidae were the most diverse families among the Khuzestan rotifers. From those 13 unidentified species of Notommatidae, 6 species belonged to the genus Cephalodella, 5 to Notommata, and 2 to Monommata. Considering these results, the most specious genera in Khuzestan are Lecane, Cephalodella, Brachionus, and Notommata with 17, 9, 7, and 7 species, respectively. In addition to Notommatidae rotifers, 3 Synchaeta sp., 2 Proales sp., 1 Lindia sp., 1 Scaridium sp., 1 Polyarthra sp., 1 Hexarthra sp., and 1 Trochosphaera sp. were identified to the genus level, as well. (Table 3) . While some species, e.g., Colurella sanoamuangae, were observed throughout the year, others, e.g., Notholca salina salina, were present during one season only (Table 3) .
More than one-third of the species (25 species) found in this study are new records for the rotifer fauna of Iran (Table 2) (Figure 2c ), this species can now be considered as an endemic species of the Palearctic region. The majority (15 species) of those 25 species, however, showed limited temporal and spatial distributions (Table 3) .
The presence of brackish water species, e.g., Brachionus cf. rotundiformis and B. cf. plicatilis (Figures 2d and 2e) , in Shadegan Lagoon was notable, although B. cf. plicatilis was also found in freshwater sites (Table 3) .
Furthermore, we also found 2 specimens of 2 previously undescribed species of the genus Dicranophorus ( Figures  3a and 3b) , which require more specimens before adequate and accurate descriptions, can be made. The Sørenson similarity index showed that the similarities between rotifer fauna of Khuzestan and those of the rest of Iran and the Palearctic, Oriental, and Afrotropical regions were 35%, 9%, 14%, and 17%, respectively (Table 4) .
Discussion
So far 156 species of rotifers have been reported from Iran. With the addition of the new records obtained during the present study, that number has increased dramatically to 177 species. All in all, 66 rotifer species were recovered from Khuzestan Province, of which Notommatidae, Lecanidae, and Brachionidae with 23, 17, and 12 species, respectively, were found to be the most diverse families. Among these families, Notommatidae was also the family with the most species in the Palearctic region (Segers, 2008) . These families are common and widely distributed; consequently, those figures were to be expected. The results showed that Khuzestan Province, most probably because of its subtropical location, has a tropicopolitan fauna with most species being thermophilic. In contrast to results from the few studies from central Iran (Hakimzadeh Khoei, 2007; Kordbacheh, 2010) , family Notommatidae, with 23 species, is the most diverse family in Khuzestan. Comparing the proportions of different rotifers families to the studies of Hakimzadeh Khoei et al. (2011) and Kordbacheh and Rahimian (2012) , it seems that, unlike the rotifer families of the southern part, Brachionidae and Lecanidae are the most common families in central Iran. Additionally, Notommatidae, with 12 species in the study of Hakimzadeh Khoei et al. (2011) and 4 species in the study of Kordbacheh and Rahimian (2012) , was less diverse than the other families, i.e. Lecanidae, Brachionidae, and Lepadellidae. In the present study, 16 Notommatidae species were recorded in Yaqub marsh, a well-vegetated habitat containing relatively well-developed macrophyte vegetation, supporting a higher diversity of rotifers. The presence of macrophyte communities usually creates a wide range of habitats and provides a variety of ecological niches, as well as new food and shelter opportunities. Hence, macrophyte coverage can be considered as the most important single factor in forming a diverse rotifer fauna (Nogrady, 1993; Arora and Mehra, 2003; Malekzadeh Viayeh, 2010) .
Considering the geographic proximity, the rotifer fauna of Iran and that of the Arabian Peninsula could be compared. Segers and Dumont (1993) reported 118 species of monogonont rotifers from the Arabian Peninsula, among which the most diverse genera were Lecane (38 species), Brachionus (13 species), and Cephalodella (11 species). Those findings are similar to ours, which can be linked to the geographical vicinity of the 2 areas, where these 3 are the most specious genera. (Ustaoğlu et al., 2012) . On the other hand, the most specious genera in Khuzestan are Lecane, Cephalodella, Brachionus, and Notommata. In both regions, Lecane, Cephalodella, and Brachionus are the genera with the most species. Analysis of the Palearctic rotifer faunas shows that Cephalodella is the predominant genus in this area, followed, in most cases, by Lecane, Lepadella, Trichocerca, and Brachionus (Segers, 2008) .
The littoral species of the genus Lecane exhibited a wider variation in their distribution patterns when compared with pelagic rotifers (e.g., Brachionidae), also noted by Segers (1996) . Similar to the findings of Sharma (1998, as cited in Arora and Mehra, 2003) in India, we found that the "tropic-centered" genera, i.e. Lecane and Brachionus, were the most diverse groups in Khuzestan. Among the species found in our study, members of the genus Lecane (i.e. L. bulla bulla, L. closterocerca, L. luna, and L. lunaris) were the most common species, which followed their global proportional patterns (Kuczynska-Kippen, 2005) . The presence of brackish-water species B. cf. plicatilis and B. cf. rotundiformis was remarkable in the southern part of Shadegan Lagoon. Like Rong et al. (1998) , we ascribe the high abundance of those 2 euryhaline species (Kotani et al. 2005) to the high salinity of their habitats, which itself was a result of the arid climate of the region and the connection of the lagoon, through its southern part, to the Persian Gulf.
During the winter months, specimens of Notholca salina, a species belonging to Notholca, which contains both stenothermic and euryhaline species (Koste and Shiel, 1987) , were collected from the brackish part of Shadegan Lagoon. The relatively lower water temperature during winter, in comparison with the temperature in other seasons (Table 3) , and the higher salinity of the lagoon could explain the presence of N. salina. Hence, N. salina can be considered as a cold-water species that can even occur in subtropical areas, unlike other members of its genus, which are common in and restricted to the Arctic and temperate northern hemisphere and consequently known as strict cold-water species (Segers, 2003) .
Khuzestan lies close to the Tropic of Cancer; hence, its temperature is similar to that of the equatorial zone, being more or less constant throughout the year, although the temperature range is wider here in Khuzestan. Another area with a temperature more or less similar to that of the Tropic of Cancer is Southeast Asia. The main components of the rotifer fauna of Southeast Asia are thermophilic species (Segers, 2001) . Consequently, given the similarities in temperature and the absence of any major biogeographical barrier between Khuzestan and Southeast Asia, at least for rotifers to disperse, and the high intrinsic dispersal ability of rotifers, it could have been expected that the rotifer fauna of Khuzestan would have more or less similar characteristics to those of the Oriental region. Considering the climatic nature of Khuzestan, the predominance of tropic-centered genera Lecane and Brachionus here may indicate the thermophilic nature of Lecane and Brachionus representatives in Khuzestan, as previously stated by Segers (2001 Segers ( , 2003 for the Southeast Asian representative of those genera. The presence of both Colurella sanoamuangae, hitherto considered a Thai endemic (Segers, 2001) , and Lecane bifastigata, a rare species of the Palearctic and Oriental regions (Segers, 1995 (Segers, , 1996 , in Khuzestan are remarkable. The similarities between the Palearctic and Iranian rotifer faunas are relatively low (Table 4) , which can be a consequence of either the limited number of studies on the rotifer fauna of Iran, climatic differences, or both. Paradicranophorus aculeatus, an endemic species of the Palearctic, was also found in this study. Taking into account that most elements of the rotifer fauna of Iran known to date, including that of Khuzestan, are tropical and/or subtropical species, it is not surprising that this fauna is a combination of representative elements of those 3 regions and is closest to that of the Afrotropical and Oriental regions, as revealed by the relatively high similarities between their faunas (Table 4) . Furthermore, the presence of Cephalodella maior, Lecane sympoda, and Notholca acuminate in this area, which have been recorded from both the Palearctic and Afrotropic, as well as the presence of Lepadella punctata, which has been reported from the Palearctic and Oriental (Segers, 2007; Hakimzadeh Khoei et al., 2011) , may be a clue to the possible multiorigin nature of Iran's rotifer fauna.
Khuzestan Province has a tropical-subtropical climate and is located on the northern edge of the ArabiaAfrica tectonic plate (Khosrotehrani, 2007) . Geological studies (Motyei, 1993) have revealed that there is an intracontinental derivation between Central Iran and Zagros-Arabia. This historical factor may explain some taxonomical differences between the rotifer fauna of the Iranian southern and central plains. We identified some species in Khuzestan that had already been reported from adjacent southern areas. Segers and Dumont (1993) identified 118 species of Monogonont rotifers from different countries along the southern coasts of the Persian Gulf, of which 36 species are in common with those found in the present study (those identified to the specific level only). Among those common species, the presence of Lecane inconspicua (a rare species of the Palearctic) and L. bifastigata (a rare species of the Palearctic and Oriental) (Segers, 1995) is striking. So far, Lecane inconspicua has only been recorded from Arabia (Segers and Dumont, 1993; Segers, 2007) . The occurrence of L. inconspicua in southern Iran can be explained by the proximity of the type locality and Khuzestan Province. Dumont (1983) pointed to the exchange of faunas via the Bering Strait as the cause of the presence of common species in Asia, North America, and North Europe, and the same line of reasoning has been proposed for other common terrestrial and freshwater living organisms of those areas (Brown and Lomolino, 1998) . Considering the history of faunal exchanges between these 2 regions that have caused faunistic and floristic similarities, these 2 biogeographical regions have sometimes been treated as 1 larger region: the Holarctic (Brown and Lomolino, 1998) . We also found 3 species that previously had only been reported from the Palearctic and Nearctic, i.e. Aspelta angusta, Lecane lamellata, and Pleurotrocha atlantica. Consequently, the recording of these 3 species is further evidence of those similarities.
Comments
Colurella sanoamuangae was reported from Thale Noi Lake in Thailand by Segers and Pholpunthin (1997) as an undescribed Colurella. Later, Chittapun et al. (1999) reported it from peat swamps in Phuket Province, Thailand. In 2001 Segers and Chittapun reported C. sanoamuangae again, this time as an interstitial rotifer, from the Malay Peninsula. Consequently, Segers (2001) considered C. sanoamuangae an endemic species of southern Thailand, although, later on, Sharma and Sharma (2005) found C. sanoamuangae in Northeast India, outside of but reasonably close to its type locality. Considering the presence of C. sanoamuangae in Khuzestan, it is no longer an endemic species of East Asia, although we may never be certain about how this species found its way to Khuzestan. Padilla and Williams (2004, as cited in Wallace et al., 2006) suggested that the export of ornamental aquatic organisms was a common yet unexplored route for long distance dispersal of many aquatic organisms, particularly for microscopic organisms. Consequently, C. sanoamuangae found in Khuzestan might have been translocated with ornamental fish imported from Thailand. The resting eggs or even mature rotifers can easily be distributed in water containing imported fish. This disjunct distribution, on the other hand, may represent a biogeographic relict, a possible, yet highly unlikely, possibility.
Brachionus cf. rotundiformis was originally recorded as a variety of B. muelleri (=plicatilis, O.F.Müller, 1786), based on a description of specimens from the Caspian Sea (Tschugunoff, 1921, as cited in Haberman and Sudzuki, 1998) . Later, certain investigations (e.g., Segers, 1995; Sudzuki, 1995 Sudzuki, , 1996 recognized its status and named it B. plicatilis rotundiformis or B. rotundiformis. In the present study, specimens of B. cf. rotundiformis were collected from the middle and southern parts of the Shadegan Lagoon, where the salinity was positively influenced by the sea water entering the lagoon from the Persian Gulf. Haberman and Sudzuki (1998) studied B. cf. rotundiformis in Lake Palaeostomi (Bulgaria) and found a higher abundance of this species in a part of the lake where the salinity was higher. They concluded that the salinity had a direct relationship with dispersal and abundance of B. cf. rotundiformis, which seems to be the case here, too.
Lecane inconspicua was reported by Segers and Dumont (1993) , who considered it an endemic taxon of Saudi Arabia. Hitherto, the species had only been recorded from several localities in the east of Saudi Arabia (Segers, 1995 (Segers, , 2007 . With our record, L. inconspicua is reported as an endemic species of the southwest part of the Palearctic region.
The specimens of L. inconspicua were only collected from the middle region of Shadegan Lagoon in spring and winter. This finding confirms the euryhaline nature of L. inconspicua as previously proposed by Segers and Dumont (1993) . We found this species in Shadegan Lagoon, a brackish environment, suggesting its adaptations to saline waters, although it has been reported from freshwater habitats (Segers and Dumont, 1993) .
Conclusions
As a result of this work, 25 new species have been added to Iran's rotifer list. A large proportion of those species belong to the genus Lecane. Considering the biogeography of different species found here, it is apparent that most of them are widely distributed tropicopolitan species, except C. sanoamuangae, L. inconspicua, and L. bifastigata, which are rare species, even in their endemic areas, the Oriental, Palearctic, and Palearctic-Oriental regions, respectively.
Khuzestan Province is isolated from the rest of the country by the Zagros Mountain chain. Based on our zoogeographical analysis, Khuzestan's rotifer fauna is distinct from those of other parts of Iran and more similar to that of the Arabian-African and, to some extent, the rotifer fauna of Oriental Southeast Asia. The study of Iranian rotifers is still in its initial stages and much remains to be done to have a reliable checklist of the rotifer species from this part of the world.
